Abstract -Background/aim: The association between trauma and caries is still controversial in the literature. The aim of this study was to evaluate the possible association between caries and dental trauma through a systematic review with meta-analysis. Design: A systematic literature search was performed in PubMed, Lilacs, BBO, Scopus, Web of Science, Cochrane Library, and Open Grey databases. The MeSH terms used were 'Tooth injuries', 'Tooth fractures', 'Tooth avulsion', 'Tooth movement'; 'Dental caries'; 'DMF index'; and 'Tooth demineralization'. MeSH synonyms, related terms, and free terms were included. The inclusion criteria comprised clinical investigations of subjects with and without caries that had suffered dental trauma. Quality assessment and bias control were carried out. Meta-analysis was performed using the COMPREHENSIVE META-ANA-LYSIS software (version 3.2). Heterogeneity was assessed using the I 2 index, and the odds ratio was also calculated (P < 0.05). Results: From 1290 abstracts, seven met the inclusion criteria. All studies had high methodological quality and five were included in the meta-analysis. The results demonstrated a positive association (P < 0.001) between dental trauma and dental caries in permanent teeth [OR: 1.490, 95%, CI: 1.209-1.835]. However, for children with primary teeth, the results showed a negative association (P = 0.006) between dental trauma and caries [OR: 0.706, 95%, CI: 0.550-0.906]. Conclusions: The results demonstrated positive and negative association between the presence of caries and dental trauma in permanent and primary teeth, respectively.
Oral health status is characterized by the health of oral tissues and the development of functions, which allow an individual to perform daily activities such as to eat, speak, and socialize without discomfort and embarrassment, contributing to the general well-being of the individual (1, 2) . Dental caries and traumatic injuries are considered the main problems that affect the oral health of children and adolescents (3) (4) (5) .
Dental caries is a multifactorial disease caused by the demineralization of tooth enamel surface by oral bacteria, thus weakening its structure (6) . Dental traumatic injuries are caused by an external impact on a tooth and its surrounding tissues (7) . Studies have shown that social, economic, and behavioral factors are determinants for both caries and dental trauma (6) (7) (8) (9) . More recently, the relationship between dental trauma and caries experience has been studied; however, the results from those studies have been contradictory (10) (11) (12) (13) (14) (15) (16) .
If an association between these two conditions could be proved, children at risk could benefit from a common approach for the prevention of dental trauma and caries (10) . Furthermore, dentists could help to implement health promotion measures targeting patients and their parents.
The absence of a comprehensive study comparing all evidence from existing studies to reach clear conclusions, based on scientific evidence, about a specific object of interest (e.g., presence or lack of an association between two or more variables, or effectiveness of a given treatment) justifies the development of a systematic review (17) . Thus, the aim of this systematic review was to evaluate a possible association between caries and dental trauma.
Materials and methods
This systematic review and meta-analysis were registered in the PROSPERO database under number CRD 42014006622. The authors have also followed the recommendations from the PRISMA statement (18) and from the Maia and Antonio systematic review guidelines (17) to report this systematic review. #1 (TITLE-ABS-KEY(carie*) OR TITLE-ABS-KEY("dental caries") OR TITLE-ABS-KEY("dental decay") OR TITLE-ABS-KEY("dental caries susceptibility") OR TITLE-ABS-KEY("dental caries resistance") OR TITLE-ABS-KEY("root caries") OR TITLE-ABS-KEY("cervical caries") OR TITLE-ABS-KEY("dmf index") OR TITLE-ABS-KEY ("tooth demineralization")) #2 (TITLE-ABS-KEY("tooth injuries") OR TITLE-ABS-KEY("dental lesions") OR TITLE-ABS-KEY("dental injuries") OR TITLE-ABS-KEY("dental trauma") OR TITLE-ABS-KEY("traumatic injury") OR TITLE-ABS-KEY("dentoalveolar trauma") OR TITLE-ABS-KEY("tooth avulsion") OR TITLE-ABS-KEY(exarticulation) OR TITLE-ABS-KEY("Tooth Dislocation") OR TITLE-ABS-KEY("Tooth Luxation") OR TITLE-ABS-KEY("Tooth Movement") OR TITLE-ABS-KEY("tooth intrusion") OR TITLE-ABS-KEY("intrusive luxation") OR TITLE-ABS-KEY("dental intrusion") OR TITLE-ABS-KEY("extrusive luxation") OR TITLE-ABS-KEY("tooth extrusion") OR TITLE-ABS-KEY("lateral luxation") OR TITLE-ABS-KEY("tooth subluxation") OR TITLE-ABS-KEY(concussion) OR TITLE-ABS-KEY("Tooth Fractures")) # 1 and # 2 Lilacs/BBO # 1 tw:((MH:"carie dentaria" OR MH:"Suscetibilidade a C arie Dent aria" OR MH:"C arie radicular" OR MH:" Indice CPO" OR MH:"Desmineralizac ßão do dente" OR CARIE OR MH:"DENTAL CARIES" OR MH:"Caries Dental" OR MH:"dental decay" OR MH:"dental caries susceptibility" OR MH:"Suscetibilidade a C arie Dent aria" OR MH:"Caries Dental Susceptibilidad" OR MH:"dental caries resistance" OR MH:"Resistencia de la caries dental" OR MH:"root caries" OR MH:"c arie radicular" OR MH:"Caries de ra ız" OR "cervical caries" OR "c arie cervical" OR " Caries cervicales" OR "dmf index" OR MH:" Indice CPOD" OR MH:"ceo ındex" OR MH:"tooth demineralization" OR MH:"Desmineralizac ßão dent aria" OR MH:"desmineralizaci on del diente")) #2 tw:((MH:"Traumatismos Dent arios" OR MH:"Tooth Injuries" OR MH:"Traumatismos de los Dientes" OR MH:"Avulsão dent aria" OR MH:"Tooth Avulsion" OR MH:"avulsi on del diente" OR MH:"Movimentac ßão dent aria" OR MH:"Tooth Movement" OR MH:"movimiento del diente" OR MH:"Tooth Fractures" OR MH:"fracturas de los Dientes" OR MH:"Fraturas dos dentes" OR "tooth injuries" OR "Traumatismos dent arios" OR "Traumatismos de los Dientes" OR "dental lesions" OR "lesões dent arias" OR "lesiones dentales" OR "dental injuries" OR "inj urias dent arias" OR "dental trauma" OR "Trauma dental" OR "traumatic injury" OR "Inj uria traum atica" OR "lesi on traum atica" OR "dentoalveolar trauma" OR "trauma dentoalveolar" OR avulsão OR av ulsion OR exarticulation OR exarticulac ßão OR exarticulaci on OR "Tooth Dislocation" OR "Deslocamento dent ario" OR "Luxaci on del diente" OR "Tooth Luxation" OR "Luxac ßão dent aria" OR "tooth intrusion" OR "Intrusão dent aria" OR "intrusi on dental" OR "intrusive luxation" OR "Luxac ßão intrusiva" OR "luxaci on intrusiva" OR "dental intrusion" OR Intrusão OR Intrusi on OR "extrusive luxation" OR "Luxac ßão extrusiva" OR "luxaci on extrusive" OR "tooth extrusion" OR Extrusão OR Extrusi on OR "lateral luxation" OR "Luxac ßão lateral" OR "luxaci on lateral" OR "tooth subluxation" OR "tooth subluxation" OR Subluxac ßão OR "subluxaci on dental" OR subluxaci on OR concussion OR concussão OR concusi on)) #1 and # 2 Web of Science #1 TS=(carie* OR "dental caries" OR "dental decay" OR "dental caries susceptibility" OR "dental caries resistance" OR "root caries" OR "cervical caries" OR "dmf index" OR "tooth demineralization") #2 TS=("tooth injuries" OR "dental lesions" OR "dental injuries" OR "dental trauma" OR "traumatic injury" OR "dentoalveolar trauma" OR "tooth avulsion" OR exarticulation OR "Tooth Dislocation" OR "Tooth Luxation" OR "Tooth Movement" OR "tooth intrusion" OR "intrusive luxation" OR "dental intrusion" OR "extrusive luxation" OR "tooth extrusion" OR "lateral luxation" OR "tooth subluxation" OR concussion OR "Tooth Fractures") #1 and #2 #14 "dental lesions":ti,ab,kw #15 "dental injuries":ti,ab,kw #16 "dental trauma":ti,ab,kw (Table 1) . Two researchers verified which studies met the inclusion criteria for the review and they evaluated the titles and abstracts of the searched articles independently. The 'AND' and 'OR' Boolean operators were applied to combine keywords. Experts were also contacted to identify unpublished and ongoing studies. The searches were complemented by screening the references of selected articles to find those that did not appear in the search databases.
Eligibility criteria
The Population, Exposition, Comparisons, and Outcome (PECO) strategy (17) was used. Observational studies that evaluated children and adolescents (P) with dental caries (E) compared to patients without dental caries (C) and the prevalence of dental trauma (O). Case reports, case series, descriptive studies, review articles, opinion articles, letters, and articles that did not present dental trauma prevalence in subjects with and without caries were excluded. All electronically identified records were scanned by title and abstract. The eligibility of selected studies was determined by reading titles and abstracts of articles identified from the electronic databases. Full articles were retrieved and examined when their title and abstract did not provide enough information for a definite decision. Articles appearing in more than one database search were considered only once.
Quality assessment
The extraction of data from the articles concerning methods, participants, and results was carried out by two researchers. Differences between researchers were solved by consensus. If relevant data were missing, the authors of the articles were contacted for additional information.
Quality assessment and bias control were carried out according to guidelines described by Fowkes and Fulton (19) . This quality assessment allows the ranking of cross-sectional, cohort, controlled trial, and case-control studies. The guide provides a standardized approach to quality assessment and covers the patient spectrum, disease progression bias, verification bias, review bias, clinical review bias, test execution, study withdrawals, and indeterminate results. The checklist includes questions on study design, study sample representativeness, control group characteristics, quality of measurements and outcomes, completeness, and distorting influences. When checking the criteria for each guideline, the importance of failures in terms of their expected effect on results was scored as major (++) or minor (+), and a decision was made as to whether the methods were adequate to produce useful information or not. Confounding factors and bias were also scored. For items where the checklist question was not applicable, 'NA' was registered. This quality check provides evidence for answering the summary questions for the studies' soundness assessment.
Publication bias was assessed through funnel plots using the COMPREHENSIVE META-ANALYSIS software (version 3.2; Biostat, Englewood, CO, USA).
#17 "traumatic injury":ti,ab,kw #18 "dentoalveolar trauma":ti,ab,kw #19 exarticulation:ti,ab,kw #20 "tooth dislocation":ti,ab,kw #21 "tooth luxation":ti,ab,kw #22 "tooth intrusion":ti,ab,kw #23 "intrusive luxation":ti,ab,kw #24 "dental intrusion":ti,ab,kw #25 "extrusive luxation":ti,ab,kw #26 "tooth extrusion":ti,ab,kw #27 "lateral luxation":ti,ab,kw #28 "tooth subluxation":ti,ab,kw #29 concussion:ti,ab,kw #30 "tooth subluxation":ti,ab,kw #31 #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 #9 and #31 Open Grey -SINGLE #1 caries OR dental caries OR dental decay OR dental caries susceptibility OR dental caries resistance OR root caries OR cervical caries OR dmf index OR tooth demineralization #2 tooth injuries OR dental lesions OR dental injuries OR dental trauma OR traumatic injury OR dentoalveolar trauma OR tooth avulsion OR exarticulation OR Tooth Dislocation OR Tooth Luxation OR Tooth Movement OR tooth intrusion OR intrusive luxation OR dental intrusion OR extrusive luxation OR tooth extrusion OR lateral luxation OR tooth subluxation OR concussion OR Tooth Fractures # 1 and #2 
Meta-analysis
A meta-analysis was performed using the COMPREHEN-SIVE META-ANALYSIS software (version 3.2; Biostat) to assess the relationship between dental caries and trauma. A subgroup analysis was performed with a subset of studies involving trauma in primary teeth (12, 13, 15) and another subset of studies involving permanent teeth (14, 16) . Articles that presented the number of subjects that suffered dental trauma with and without dental caries were included in the analysis. If some of the information needed for the metaanalysis was absent from any of the selected studies, the authors were contacted to provide the missing data. A maximum of three contact attempts with authors was made for each study. If after the contact attempts, there was no response from the authors, the study was not included in the meta-analysis. The fixed-effects model was used, and heterogeneity was assessed using the I 2 index. The odds ratio was also calculated.
Results
A total of 2284 articles were identified from the search in the selected databases. After removing duplicates, 1290 articles remained. Of these, 1267 were excluded after the review of their titles and abstracts.
Twenty-three articles were fully read and only seven of them met the study's inclusion criteria (10) (11) (12) (13) (14) (15) (16) (Fig. 1) .
Quality assessment
For the systematic review, the qualification of eligible articles, according to the Fowkes and Fulton (19) quality assessment, is included in Table 2 .
All articles submitted were appropriate for the aim of the study: six cross-sectional studies and one casecontrol study. Locker et al. (11) did not mention nonrespondents and this was classified as a major problem, but did not seem to influence the analysis and results. The authors also did not show results in absolute values and thus losses could not be identified, which was considered to be a major problem.
Fakhruddin et al. (10) and Locker et al. (11) had minor and major problems in quality control, respectively. In the former article, researchers received training, but no calibration. In the latter article, there was no report whether the researchers received any training.
The sample size of the article by Fakhruddin et al. (10) was not considered satisfactory, as only 270 of 810 patients invited to participate after assessing eligibility, agreed to participate. As this sample represented only about 33% of patients, it was considered a major problem. In the article by Jorge et al. (12) , it was possible to identify a small loss in the sample over the study's implementation, which was categorized as a minor problem. Grimm et al. (13) did not undergo logistic regression to confirm the statistical significance found in the chi-square test and did not perform sample calculation, but used 73 243 as a sample out of a total of 87 918, which was considered a minor problem regarding compliance. The same authors also had a major problem in missing data, as the final sample (6577) was much lower than the initial sample (73 243) without any explanation.
Although some minor and major problems were identified in some studies, all articles included were assessed as having high methodological quality based on the quality assessment tool proposed (19) in the present systematic review (Table 2) . Table 3 describes the features and data collected from the articles selected. The only article that did not present the exact age of patients was that carried out by Locker et al. (11) , although the study population consisted of 8th grade schoolchildren. The classification of traumatic injuries ranged from the Dental Trauma Index (20) , modified by Andreassen (21) , to the classification suggested by WHO (22) . All selected articles used the DMFT/dmft classification (Decayed, Missing and Filled Teeth) for dental caries as suggested by WHO (22) .
Data extraction
In the studies evaluated, it was observed that the prevalence of traumatic dental injuries ranged from 2.66% to 62.1% (13, 15) . The relationship of dental trauma with caries showed a considerable difference among studies. Three articles found statistical significance between the occurrence of dental trauma and positive experience of caries (10, 11, 14) . On the other hand, two articles showed no statistical significance between dental trauma and caries experience (15, 16) . Two articles found statistical significance between the occurrence of trauma and caries-free patients (12, 13) .
Meta-analysis
Two articles presented the data necessary to perform the meta-analysis. The authors of the other five studies were contacted, but only three responded with the requested data. The meta-analysis was therefore conducted with five studies. The funnel plot of the five articles (12) (13) (14) (15) (16) ) demonstrated similar distribution of included studies and absence of important publication bias (Fig. 2) . Figure 3 shows the pooled meta-analysis of all five studies (12) (13) (14) (15) (16) , indicating significant heterogeneity (I 2 = 86.42%). The caries-free group had 5676 subjects, and the caries group had 5956 subjects. The pooled meta-analysis demonstrated no association (P = 0.259) between dental trauma and dental caries [1.097, 95%, CI: 0.934-1.287].
The subgroup analysis with subsets of children with primary teeth and subsets of children with permanent teeth showed that the presence of dental caries was associated with an increased risk (P < 0.001) of traumatic dental injury in permanent teeth [OR: 1.490, 95%, CI: 1.209-1.835]. However, in primary teeth, the results showed a negative association (P = 0.006) between dental trauma and caries [OR: 0.706, 95%, CI: 0.550-0.906].
Discussion
In relation to health promotion, it is essential to know the factors that directly interfere in oral health in order to develop strategies for prevention and guidance. Dental trauma is considered as a public health problem as it affects a large number of people (especially children and adolescents), causes pain and discomfort, is preventable, is expensive to treat, and requires urgent care and, usually, long-term longitudinal follow up (23) . Although caries prevalence is declining in many countries today, this disease is still considered a major public oral health problem worldwide (24) . All these factors highlight the importance of this study.
Despite the large number of articles originally found in the literature search conducted for this study, only seven articles met the inclusion criteria for evaluating the relationship between dental caries and trauma. Those articles presented conflicting conclusions about this relationship. When children at older ages were evaluated (until the age of 12 years), a positive relationship between the presence of caries and dental injuries was found (10, 11, 14) . Other authors (12, 13) evaluated children with their primary dentitions and found a positive relationship between dental trauma and caries-free children. The other authors found no association when they assessed children in the primary dentition (15) or at the age of 12 years (16) . The authors believe that the differences in results may be explained by the length of time that the teeth remained in the oral cavity, thus facilitating the occurrence of both caries and trauma.
There are few guidelines for rating quality of evidence in cross-sectional studies. The Fowkes and Fulton (19) quality assessment was used in the current systematic review because it presents a comprehensive judgment of methodologies adopted and possible bias that can be applied to most study designs. This guideline provides a standardized approach to quality assessment such as cover patient spectrum, verification bias, clinical review bias, test execution, study withdrawals, plus indeterminate results in cross-sectional, case-control, and cohort studies. For these reasons it has been used in recent systematic reviews (16, 25, 26) .
From the five studies included in this meta-analysis, one of them presented a positive association with dental caries (14) , two presented an association with caries-free patients (12, 13) , and two presented inconclusive data (15, 16) . The pooled meta-analysis demonstrated no association between dental trauma and dental caries due to the opposite results for primary and permanent teeth. The heterogeneity of the pooled meta-analysis was high due to the inclusion of trauma in primary and permanent teeth in the same analysis. For this reason, subgroup analysis was performed. This showed that the presence of caries was associated with an increased risk of trauma in permanent teeth. On the other hand, traumatic dental injuries in primary teeth showed a negative association with the presence of dental caries. The latter can be explained by the high prevalence of dental trauma during childhood, regardless of caries status. Specifically, children aged 2-4 years are more susceptible to falling and suffering traumatic injuries, because they do not have well-established motor coordination (27) .
The difference in the meta-analysis results for the primary and permanent teeth can be explained by the methodology applied in the included studies. All studies associated dental trauma with the prevalence of caries at the individual level and not with the presence (or absence) of caries in the traumatized teeth. Also, when dental caries was assessed in studies involving older children, the majority of them had mixed dentitions. Therefore, they had a greater number of teeth and the primary teeth had been present in their mouths for a longer period of time, which would increase their caries risk/activity. In addition, children with mixed dentitions usually present increased overjet and, therefore, greater risk for dental trauma (28) .
Based on the results of this systematic review and meta-analysis, it can be concluded that there is evidence in the literature showing positive and negative association between dental trauma and dental caries for children with permanent and primary teeth, respectively. These conclusions should guide clinicians and public health authorities in the development of a common approach for the prevention of dental trauma in permanent teeth of patients with dental caries.
However, further studies are necessary, especially comparisons between dental trauma and caries in the traumatized teeth (and not only at the individual level). These could elucidate more clearly the association between dental caries and dental trauma in primary and permanent teeth.
